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Before delving i n t o  t h e  subjec t  a t  hand, namely t h e  manufacture of 

Bjr tar ac ids  we mean t h e  "acidic" o r  base-soluble 
arxioxidants f r o m  t a r  acids,  it wouid be wise f o r  us t o  def ine  our T e r m s  and t h e  
sccoe of t h i s  discussion. 
f r ac t ion  of coal tar .  'Fnese same t a r  ac ids  are also a-milable from petro1e.m 
s i l r ces .  F'u-~.hermore, both phenol, parent ccEpound of t h e  tar ac ids ,  and p-cresol 
s r e  bade s -pxhet ica l ly .  
s j r t h e t i c  FaC,erial accounts f o r  over 90$ of t h e  market. 
o r  toluer.e, a r e  a l so  coal chemicals which are again mostly derived from petroleum 
scurces. Senzene i s  a l s o  t h e  s t a r t i n g  material f o r  styrene, an important chemical 
i x t emed ia t e  i n  t h e  antioxidant f i e ld .  As far a s  t h e  end products are concerned, 
we s h a l l  limit our discussion t o  t h e  phenolic antioxidants,  r e s l i z i n g  a t  the same 
time t h a t  t he re  a r e  non-phenolic an t iox idants  prepared from tar  ac ids  as t h e r e  are 
phenolic antioxidants not prepared from tar acids. 
tar i n d x x r y  rioes not enjoy an exclusive pos i t ion  as suppl ie r  of raw m t e r i d s  f o r  
t t e  mamfacture of phenolic antioxidants.  

While phenol i s  t h e  major conszituent of zar ac ids ,  t h e  
Its precursors,  benzene 

It i s  apparent t h a t  t h e  c o d  

Despite t h e  f a c t  t h a t  t h e  coa l  tar indus t ry  was a t  one t i m e  t h e  o n l y  
producer of tar ac ids ,  t h e  e a r l y  work on phenolic antioxidants m s  not done by this  
industry. Rather, those  indus t r i e s  manufacturira i t e m s  subject r o  oxidative degrada- 
t i o n  s a w  a need t o  s t a b i l i z e  t h e i r  products and therefore  inves t iga ted  t h e  use of 
an:ioxida?ts. Such indus t r i e s  include gasoline,  food and animal feed, rubber and 
p l a s t i c s ,  l ub r i ca t ing  and transformer o i l s .  As a re su l t ,  most of t h e  researck, 30th 
t h a t  dealing with t h e  t h e o r e t i c a l  aspec ts  o f  oxidation and inh ib i t i on ,  and t h a t  dea l -  
i nz  with t h e  development of new and b e t t e r  antioxidants,  wascarried out by t h e  poten- 
x i a l  users  of antioxidants.  men  t h e  manufacture of an t iox idants  has been a lmost  
exclusively in t h e  hands of t h e  users  and a few chemical manufacturers. 

Tne appl ica t ion  of phenolic an t iox idants  i n  t h e  various f i e l d s  was based 
on t h e  finding by Mou-eu and h i s  co-workers (I) t h a t  acro le in  could be s t ab i l i zed  
57 t he  addition of c e r t a i n  phenols i n  s m d l  mounts.  The use of s t a b i l i z e r s  such 
a s  tannin  and hydroquinoce i n  rubber w a s  described by Helbroiner ana aerns te in  (2). 
AI t h e  7 l s t  meeting s f  t h e  Americal Chemical Society at Tulsa, in Apri l  of 1926, 
Smith and Wco-l (3) presented a paper e n t i t l e d  " Inhib i t ing  Agents in t he  Oxidstion 
of  Unsaturazed Organi: Compounds" dea l ing  with t h e  oxidation inh ib i r ion  i n  soaps: 
fats and o i l s .  In t h e  gasoline f i e l d ,  an i n i t i a l  emphasis on co lor  s t ab i l i za t ion  
save vay t o  gum prevention by i n h i b i t o r s  (4,s). 

Closer s c ru t iny  of t h e  type  of substances used i n  these  and o ther  appl i -  
cations ied  t o  t heo r i e s  on t h e  mechanism of t h e  oxidative degradation, i t s  inhib- 
i t i o n ,  wd subseqdently, t o  a more systematic study of. t h e  types o f  compounds -&ich 
nrly be used advantageously t o  pe-rform this f u x t i o n .  

Here a r e  severa l  recent references which may serve as a s t a r t i n g  point 
f o r  those who wish t o  pursue this phase fur ther .  
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Lundberg( 6) recent ly  edi ted a monograph e n t i t l e d  "Antioxidation and 
Antioxidants." Ingold (7) also reviewed t h e  l i t e r a t u r e  i n  lg6l. 
presented before t h e  Division of Petroleum Chemistry a t  t h e  last ACS meeting st 
At lan t ic  Ci ty  was t h a t  by Hedenburg (e) o f  t h e  hlf Research Laboratories. 

A recent paper 

I n  t h e  s tud ies  performed t o  f i n d  a cor re la t ion  between t h e  s t ruc ture  of 
an ant ioAdant  and i ts  a c t i v i t y ,  whole groups of subs t i tu ted  phenols were prepared 
and t e s t e d  (9-15) as antioxidants.  
phenols, i .e. phenols i n  which t h e  hydroxyl group i s  s t e r i c a l l y  hindered, gave t h e  
desired properties.  
t h e  b e t t e r  was i t s  ant ioxidant  a c t i v i t y .  
Spacht and h i s  co-workers at G o ~ d y e a r ( ~ s )  t h a t  too  much ster-ic hindrance had a 
de le te r ious  e f fec t  on ant ioxidant  a c t i v i t y .  

This led t o  t h e  f inding t h a t  s t e r i c a l l y  hindered 

In  general ,  it was found that t h e  more hicdered t h e  phenol was, 
However, only last year it was found by 

Let u s  consider t h e  commercial. phenolic ant ioxidants  and t h e  modes of 
t h e i r  manufacture. Of primary i n t e r e s t  i s  2,6-di-t-buzyl-p-cresol (I). Some 17 
mill ion pounds of this compound was produced i n  1961. Even at t h a t ,  i t  may not 
be t h e  phenolic antioxidant made i n  grea tes t  quantity,  but it has been used most 
widely including all t h e  appl icat ions mentioned e a r l i e r .  
indus t ry  as BHT (which s tands f o r  butylated hydroxy toluene)  and t h e  various 
manufacturers have t h e i r  own t r a d e  name f o r  it. 

It is  known i n  t h e  food 

When we look at t h e  s t r u c t u r e  w e  immediately r e a l i z e  t h a t  it is t h e  react ion 

Of these,  t h e  o l e f i n  i s  preferred f o r  ease of operation 
product of p-cresol and a source of t -bu ty l  groups, such as isobutylene,  t -bu ty l  
chlor ide o r  t -bu ty l  alcohol. 
and f o r  reasons of economics. W l e '  synthet ic  p-cresol is avai lable  and is the source 
of most of t h e  BIfp produced, those a c t i v e  i n  t h e  coal  tar f i e l d  w i l l  have rea l ized  
immediately another source of p-cresol,  namely t h e  tar acids. 
however - p-cresol occurs along with i t s  more abundant isomer, m-cresol, from which 
it cannot be separated by f r a c t i o n a l  d i s t i l l a t i o n ;  t h e  two isomers boil within one 
degree o f  each other. Various physical means of separat ion have been invest igated 
but it turns out t h a t  conversion t o  t h e  desired compound, EET, i s  one of  t h e  simplest 
means of separating meta- and para-cresol (17,18,~). This i s  made possible  again 5y 
a phenomenon which was mentioned before, namely s t e r i c  hindrance. When a mixture 
of  neta- and para-cresol is alkylated i i i th  Isobutylene, t h e  i n i t i a l  products are 
mono t -buty l  der ivat ives .  
t h e  pos i t ion  ortho t o  t h e  hydroxyl group as expected by t h e  stronger ortho-para 
d i r e c t i n g  influence of t h e  hydroxyl group over t h a t  of t h e  methyl group. 
ortho-posit ions a r e  i d e n t i c a l ,  only one compound w i l l  be formed. 
2-t-butyl-p-cresol (III). 
dissimilar ortho posi t ipns as w e l l  as an open para posit ion.  
prevents t h e  introduct ion of t h e  t - b u t y l  group i n  t h e  or tho  posi t ion between t h e  
hydroxyl and t h e  methyl groups. 
and an adjacent t - b u t y l  group makes t h e  normally more s t a b l e  posi t ion para t o  t h e  
hydroxyl group thermodyhamically l e s s  s t a b l e  so t h a t  -the t -bu ty l  group posi t ions 
i t s e l f  or tho t o  t h e  hydroxyl and para t o  t h e  methyl group t o  give us 6-t-butyl-m- 
c reso l  (V). 
( 1,3,20,22,22) as  4-t-butyl-m-cresol was ac tua l ly  6-t-butyl-m-cresol ( ~ ~ - 2 ~ ) .  The 
real 4-t-butyl-m-cresol was not made u n t i l  about 1948 (27,28,29). 
butylated cresols  which a r e  thus  obtained as t h e  f i r s t  reac t ion  products from t h e  
treatment of m,p-cresol with isobutylene,  are a l s o  inseparable  by f r a c t i o n a l  distil- 
la t ion .  

There i s  one d i f f icu l ty ,  

In  t h e  case of p-cresol (11), the  t -bu ty l  grou? en ters  

Since both 
This compound i s  

However, s t e r i c  hindrance 

As a matter of f a c t ,  s t e r i c  hindrance between a methyl 

I n  t h e  case of m-cresol (IV), t h e r e  a r e  three  choices, two 

Unfortunately, t h e  compound described i n  t h e  l i t e r a t u r e  f o r  many years 

The two ortho-t-  

Further a lkyla t ion  produces t h e  d i b u t y l d e r i v a t i v e s ;  on t h e  one hand, t h e  
desired compound, 2,6-di-t-butyl-p-cresol, and, as t h e  m-cresol der ivat ive,  the psrs  
a lbyla ted  4,6-di-t-butyl-m-cresol (VI). 
ortho dibutylated c reso l  and t h e  latter, an ortho-para dlbutylated c reso l  have boi l ing  
points  s u f f i c i e n t l y  far a p a r t  f o r  easy separation by f r a c t i o n a l  d i s t i l l a t i o n .  

These two compounds, the  first, an ortho- 

The 
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When p-cresol d i s t i l l e d  BIIT can be f u r t h e r  p x i r ' i e d  by washkg and c rys t a l l i za t ion .  
i s  nade synthe t ica l ly ,  it i s  noz a W x e d  with i t s  rneta isomer. 
pure p-cresol is t h e  s a e  as chat lescr ibed  f o r  t h e  mixed isomers. 

The &ylation o f  

No mention was made of any conditions f o r  t h e  a lky la t ion  nor was t h e  
ca t a lys t  ident i f ied .  The reason f o r  t hese  appazent omissions i s  tna t  a m r i e t y  
of a lkyla t ion  catalysts,,such as su l fu r i c  ac id ,  su l foni -  ac ids ,  shosphoric acid,  
boron f luo r ide  and so l id  ca t a lys t s ,  i s  possible even i f  w e  r e s t r i c t  ourselves t o  
isobutylene as t h e  a lkyla t ing  age&. Furthermore, each c a t d y s t  may be used i n  
various concentrations. These f ac to r s  permit g rea t  l a t i t u d e  i n  t h e  choice of t h e  
o ther  reaction conditions such as time and temperature. 

A second antioxidant,  which has been known f o r  i ts  a c t i v i t y ,  but which 
i s  not widely used i n  t h e  U . S . ,  i s  6-t-butyl-2,k-xylenol (VII). I spec i f ied  t h e  
Americas market, because it i s  a commercial product of long standing i n  Great Britain.  

Looking at i t s  s t ruc tu re ,  one w i l l  immediately r e a l i z e  i t s  c lose  s t rx-  
turd re la t ionship  t o  BET. 
ner t  of one of t h e  o-t-butyl groups i n  BhT by a methyl group. 

The d i f fe rence  between t h e  two compounds is t h e  replace- 

A s  i n  t h e  case with m,p-cresol, one of t h e  precursors f o r  6-t-butyl-2,4- 

The r a t i o  of t h e  two i s  roughly 2:1 i n  favor of t h e  2,k-isomer. 
xylenol, namely 2,k-rylenol (VIII) ,  occurs, i n  tar ac id  along with i t s  isomer, 2,5- 
xylenol (M). 
While o ther  xylenols are separable from t h e  des i red  isomer by d i s t i l l a t i o n ,  t he  
a-oove two isomers b o i l  within one degree of each other.  

Again, one can r e so r t  t o  t -bu ty la t ion  not only as a means of o b t u n i n g  
~ u r  des i red  antioxidant but a l so  as a means of separating t h e  two xylenol isomers. 
The same pr inc ip les  which have been discussed i n  t h e  m,p-cresol s lky la t ion  apply i n  
t h e  present case. A s  a matter of f ac t ,  t h e  mixture of 2,4- and 2,5-xylenol may be  
v iewed as a mixture of ortho-alkylated m,p-cresols, t h e  2,k-xylenol being t h e  ortho- 
subs t i tu ted  p-cresol, and t h e  2,5-xylenol, t h e  ortho-substit-uted m-cresol. k i s  
nakes them comparable t o  t h e  mono-butyl m,p-cresol, each of which caz only be t -  
butylated f u r t h e r  with one group. I n  t h e  one case, t h e  second group entered t h e  
f r e e  ortho pos i t ion  t o  give BHT, and i n  t h e  second, t h e  para  posit ion.  I n  t h e  
xflenols,  one a l s o  f inds  tha t  2,k-xylenol t - a lky la t e s  i n  t h e  access ib le  6-posit ion 
t o  give t h e  des i red  compound, 6-t-butyl-2,k-rj lenol while i n  t h e  case of  2,5-xylenol, 
t h e  4- pos i t ion  i s  alkylated t o  give 4-t-butyl-2,5-xylenol (X)  (19). 

The i s o l a t i o n  of t h e  des i red  compound may be accomplished I n  various ways. 
One msans, which i s  a l so  applicable t o  t h e  d i - t -a lkyla t ion  of m,p-cresol, t akes  
advantage of t he  d i f fe rence  i n  t h e  r e a c t i v i t y  of t h e  two isomers. 
using a limized amount of t h e  o le f in ,  choosing reac t ion  conditions mild enough t o  
cr&.ance t h e  se l ec t iv i ty ,  and l imi t ing  t h e  reac t ion  time t o  suppress o r  at least 
reduce equ i l ib ra t ion , i t  i s  possible t o  a lky la t e  2,k-xylenol i n  preference t o  t h e  
2,5-isomer (%). 

Therefore, by 

The unreacted x j lenols ,  now predominantly t h e  2,5-isomer, are removed by 
d i s t i l l a t i o n  from t h e  6-t-butyl-2,5-xylenol. 

Another method of i s o l a t i n g  6-t-butyl-2,k-xylenol made from 2,4-2,5-xylenol 
i s  t o  caf ry  t h e  reac t ion  fu r the r  than i n  t h e  previous example so t h a t  &-t-butyl- 
2,5-xylenol i s  formed i n  appreciable amounts. The reac t ion  mixture is then added 
50 d i l u t e  caus t ic  -Jhich dissolTres only t h e  non-hindered phenols, namely m y  unreaczed 
r j l e n o l s  and t h e  4-t-butyl-2,5-xylenol, but does not r eac t  with t h e  hindered 6-t- 
butyl-2,4-xylenol. Steam d i s t i l l a t i o n  of t h e  mixture then ca r r i ed  over t h i s  product(3x). 



222. 

Work car r ied  out during recent years has l ed  t o  se l ec t ive  ortho a lkyla t ion  
of phenols with open para posit ions.  
and his. co-workers (33) have devised another route  t o  6 - t~bu ty l -2 ,4 -q leno l ,  start- 
ing  wi th  o-cresol ( X I ) .  
(XII) and a Mannich reac t ion  on this with formaldehyde and dimethylamine y ie lds  4- 
dimethylaminomethyl-6-t-butyl-o-cresol (mu:). 
t o  g ive  6-t-butyl-2,k-xylenol and dimethylamine as t h e  products of t h e  hydrogenolysis. 
The amine is then recycled t o  t h e  Mannich reaction. 

Sased on se l ec t ive  ortho alkylation(=) Neuworth 

t -Enty la t ion  under these  conditions gives 6-t-butyl-o-cresol 

This is  then  t r e a t e d  with hydrogen, 

The work by K o l k a ,  Ekke and t h e i r  co-workers i n  th i s  country (34,35) and 
by Stroh i n  Germany (36,37) has  l e d  t o  an economical synthesis of 2,6-di-t-butyl- 
phenol (XIV) which had been knam f o r  some t i m e  (38,m). 
marketed by Ethyl and it serves  as s t a r t i n g  mater ia l  f o r  a number of d e n v a t i v e s  
which a r e  antioxidants i n  t h e i r  own r igh ts .  . 

This compound is  present ly  

Besides t h e  t - a lky l  der iva t ives ,  s p e c i f i c a l l y  t -bu ty l  derivatives,  of 
tar acids,  thed-methylbenzyl o r  sty-ryl der iva t ives  of t h e  phenols are of g rea t  
commercid importance as antioxidants.  Specifically,  styrenated phenol it self ( X V )  
is  probably t h e  a lkyla ted  tar a c i d  made i n  g rea t e s t  amount f o r  use as antioxidant. 
This mater ia l ,  however, i s  not a pme compound, and not even a mixture of pQsitional 
isomers. Rather, it i s  t h e  r eac t ion  product of  t h e  s tyrena t ion  of phenol, and, 
therefore ,  could contain, along with mono-, d i -  and tri-styryl phenols, phenol sub- 
s t i t u t e d  with low molecular weight polymers of styrene such as dimers snd trimers.  
'These would be  the  r e s u l t s  of a preliminary polymerization of s tyrene  followed by 
a lkyla t ion  of phenol with t h e  r e su l t an t  oligomers. 
mixture is  possible. 
products. 
designation "alkylated styrenated," probably denotes t h e  fact t h a t  t hese  products 
contain both s tpyl  and t-alkyl s i d e  chains on phenolic nuclei. 

It is  obvious t h a t  a complex 

While s tyrena t ion  may b e  considered a spec ia l  form of a lkyla t ion ,  t h e  
So-called "alkylated styrenated phenols" a r e  a l so  commercial 

r' 
A second major group of phenolic antioxidants include those produced from 

phenols, e spec ia l ly  s t e r i c a l l y  hindered ones such as t -a lkyla ted  phenols, n a  subse- 
quent reactions.  The most important subdivision of these  i s  t h e  gro-ip i n  which two 
o r  more phenolic nuc le i  have been l inked  together. The bridging of  t hese  nuclei  ~ 4 y  
cons is t  o f  a number of groups, predominantly alkylidene, such as methylidene, o r  
t h i o  groups. On t h e  o ther  hand, t h e  phenolic nuclei  may be d i r e c t l y  l inked  t o  e2ch 
other.  While two routes  present themselves f o r  t h e  preparation of these  compounds, 
narrely a l k y b t i o n  of t h e  tar a c i d s  followed by coupling, and t h e  reverse order,  it 
i s  t h e  first which i s  usua l ly  prac t iced  t o  give i n d u s t r i a l l y  iznportant antioxidants.  
Usually, on ly  two phenolic groups a r e  linked. The advantage of these  higher molec- 
ular weight mater ia l s  i s  low v o l a t i l i t y ,  a des i r ab le  property both during rhe  pro- 
cessing of polymers i n  which t h e y  f ind  major use, and during t h e  remainder of t he  
l i f e  o f  t h e  a r t i c l e s  made from t h e  polymers. 

If pure p-cresol r a t h e r  than a mixture of m- mnd p-cresol i s  a lkyla ted  
with isobutylene, t h e  monobutyl-p-cresol (111) can be r ead i ly  separated by d i s t i l -  
l a t i o n  f r o m  t h e  o ther  mater ia l s  i n  t h e  reac t ion  mixture. These would be t h e  
unreacted p-cresol and 9HT. 
under a c i d i c  conditions t o  give 2,2' -rnethylenebis (4-methyl-6-t -butylphenol) (XVI) /-- 

The 2-t-butyl-p-cresol i s  then  reacted with formaldehyde 

(40)- 

I n  a similar fashion, 2-t-butyl-4-ethylphenol can be prepared from 4-ethyl- 
phenol and then converted t o  i t s  methylenebis deri-cative. 

I n  t h e  m-cresol s e r i e s ,  t h e  most important alkylidene der iva t ive  i s  4,L'- 
butylidenebis (2-t -butyl-p-methylphenol) (W) obtained as t h e  product from the  
condensation of  6-t-butyl-m-cresol (V) and butyraldehyde (41). However, s ince  t h e  
only  source of m-cresol i s  that admixed with i t s  isomer, p-cresol,  and s ince  t h e  two  
monobutyl der iva t ives  of t h e s e  could not be separated by d i s t i l l a t i o n ,  t h e  only 
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pcssible source of 6-t-butyl-m-cresol i s  t h e  dibutyl-m-cresol (VI),  which we obtained 
along Kith 2,6-di-t -butyl-p-cresol. P a r t i a l  dealkylation of L, 6-di - t  -butyl-m-cresol 
gives a m i d u r e  high i n  t h e  des i red  6-t-butyl-m-cresol along v i t h  m-cresol ( I V )  and 
cnreacted s t a r t i n g  rnaterial. The dealkylations i n ' t h e  presence of various ca t a lys t s  
take  place under mor-? severe temperatare conditions than do t h e  reverse  &kylations. 
PJO other  bisphenols namely 4,4' -rnethylenebis (2,6-di-t-butylphenol) (XVTII) and b,4' - 
nethylene (6-t-butyl-o-cresol) (XIX) are now commercial products as a result of s e l ec t ive  
ortho alkylatioc.  %le l a t te r  is, of course, a der iva t ive  or' o-cresol. The preparation 
of these  bisphenols i s  car r ied  out under bas ic  conditions (,g,43,44). 

TTisphenols have a l s o  been made. Eowever, only  one (XX) derived from ?-cresol, 
2 - t -$~ty l -p-creso l  m d  formaldeh)de, seems t o  be of comerc ia l  irnpomance. 
t io r .  of t r i sphenols  i s  more complex than tha t  of bisphenols. 
0r.e compound i s  possible. 
possible,  and therefore ,  t h e  reac t ion  i s  ca r r i ed  out stepwise (45). 

The prepara- 
I n  t h e  l a t t e r  case on ly  

In t h e  preparation of t r i sphenols ,  a nmoer  of products a r e  

Alnost d l  of t h e  alkylidenebis compounds have t h i o b i s  counterparts,  i. e. 
co~pocnds i n  -dhic?i t h e  two phenol rir.gs are coupled Sy a sulfbr linkage. %ni; coupling 
is accomplished 'cy t he  reaction of t h e  mononuclear phecolic comymd x i t h  sullur ,%- 
chloride. Catallists haTre been used i n  t h i s  reaction (46) but a r e  not necessary. O f  
g rea tes t  ixpopor",acce i s  4,4' - th iobis  (6-t-butyl-m-cresol ( X X I )  (47). 
t h iob i s  der iva t ives  of 2-t-butyl-p-cresol (XU) and 6-t-butyl-q-cresol (XXTII). 

Others are the 

Several o ther  phenolic antioxidants derived from tar ac ids  'nave recent ly  
been introduced. A l l  a r e  t h e  products of t h e  reactibns of ortho a ikyla ted  phenols. 
Scarticg v i t h  2,6-di-t-butylphenol (XIV),  oxidative coupling and reduction S e l d s  
&,4'--?i.s ( 2 , 6 - ~ - t - b u t y l p ~ e n o l )  (Xxrv) (&). This i s  a biphenol i n  which t h e  t;lo 
phenolic rings a r e  l inked d i r e c t l y  t o  each other. Two o ther  an t iox idants  based cn 
2,6-di-t -butylphenol a r e  t h e  p-methoxymethyl and t h e  p-dimethylaminomethyl der iva t ives .  
The former ( X X V )  i s  t h e  product of t h e  reac t ion  of t h e  phenol, f o d d e h y d e  and rne+,h- 
an01 (43,48,4s,5~).  
and 2irnethylarr-ine a r e  reacted i n  a Mannich reac t ion  (48,51). 

The amino ( X X V I )  compound r e s u l t s  when the  phenol, fo,rmaldeh;rcle 

I n  suiiary, ali iylation, e spec ia l ly  t -bu ty la t ion  and styrer;ation of t a r  Beids 
t o  give s t e r i c a l l y  hindered phenols i s  t h e  most important chemical reac t ion-  f o r  t he  
oreparation of antioxidarrts. 
n u d e i  wi th  each other v i a  a phenol-aldehyde condensation, a phenol-sclfur d ich lor ide  
cor?der.sation, o r  an oxidative zoupling i s  of major importance. To a ncch lesser 
6eegree, t h e  reac t ion  of  a ohenol, an aldehyde ar.d a t h i r d  compoud with a replaceably 
:?ydrogen leads  t o  antioxidants.  

Secondly, t h e  joining toge ther  of two CE more phenolic 

When t h e  major antioxidants a r e  broken down according t o  t h e  s t a r t i n g  tar 
acids,  i t  becomes apparent tha t 'phenol ,  o-cresol, m,p-cresol and 2,4-2,5-xylenol are 
t h e  ac i a s  used t o  make t h e  phenolic antioxidants.  Phenol y ie lds  st-yrenated pnenols, 
2,6-di-t-butylphenol and i t s  der iva t ives .  
which is  then converted t o  t h e  methylenebis and t h e  th iob i s  compound. 
a lkyla ted  t o  2-t-butyl-p-cresol as an intermediate f o r  t h e  manufacture of i t s  methyl- 
enebis and th iob i s  derivatives,and t o  BIIT. 
c r e so l  a r e  a l so  reacted with formaldehyde t o  g ive  2,6-bis(2'hydroxy-3'-t-butyl-5' - 
methylbenzy1)-p-cresol, a trisphenol.  
6-t -butyl-m-cresol, via t h e  d ibu ty l  derivative.  
t o  i t s  b,k'-butylidenebis and i t s  t h i o b i s  der iva t ives .  
and 2,5-xylenol i s  butylated and t h e  6-t-butyl-2,4-xylenol i s  i so la ted .  

be  remembered t h a t  t h e r e  a r e  o ther  phenolic antioxidants,  not derived from tar acids 
( j u s t  as the re  a r e  non-phenolic an t iox idants  derived from tar ac ids) .  Even witkin 
t h e  realm presented here, hundreds of s t ruc tu res  have been prepared f o r  antioxidant 
evaluation. Some of t hese  are good an t ioxidants  but have not been brought t o  com- 
mercialization f o r  one reason o r  another. 

o-Cresol y ie lds  t h e  o-t-butyl der iva t ive  
p-Cresol is 

The monobutyl-p-cresol and t h e  parent p- 

m-Cresol i s  converted t o  i t s  monobutyl der iva t ive ,  
The monobutyl c r e so l  i s  then  converted 

F ina l ly ,  a mixture of 2,4- 

While this i s  a survey of tar acid-derived phenolic antioxidants,  it must 
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I) TAR ACID + OLCflN n* STERICALLY HINDERED 
PWCNOLI. 

2) a. ALKYLATED PHENOLS + ALDEHYDE '* 
ALKYLIDENEBIS WENOLS 

h ALCIkATED PHENOLS + SULFUR DICHLORIDC 
THlOBlS PHENOLS 

D. ALKYLAED PHENOLS B e  ALKYLAnD 
BIPWENOLB 

I) a. ALKYLATED PHENOLS + ALDEHYDE + AYINC - AYIhOYETHYLPHENOLS 

b. ALCILATED PHENOU + ALDEHYDE + ALCOHOL - ALKOXYYETHYLPHENOLI 
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